Abstract. Pile foundation settlement evaluation in karst area is a very complicated problem, there are many factors that affect the pile deformation, including the size, number and spacing of the karst. In this paper, through numerical simulation, the influence of the number, spacing, size of the karst caves on the additional deformation of the pile foundation are respectively analyzed. The greater the number and the size of karst cave and the smaller the spacing of karst cave, the greater the influence on pile settlement. The cave quantity and size have great influence on the pile settlement proportion.
Introduction
Beaded karst refers to that two or more than two layers of karst distributing in the different depth of the same plane position. The location, shape, scale, development degree, roof thickness and filling characteristics of each karst cave in the beaded karst are different [1] [2] [3] . In the construction of pile, the pile will encounter a lot of caves, thus, it becomes one of the most difficult problem to deal with in the construction of pile foundation, which often causes accidents of slurry leakage, sticking, drop hammer, drill burying, etc., and easily leads to quality problems such as concrete erosion during perfusion, entrained mud and pile broken, seriously even causes ground subsidence, settlement of surrounding buildings, groundwater flow stop and other safety and environmental incidents [4] [5] . Pile foundation settlement evaluation in karst area is a very complicated problem, which has gotten more and more attention in the engineering field [6] [7] [8] . There are many factors that affect the pile deformation, including the size, number and spacing of the karst. In this paper, through numerical simulation, they are respectively explored that the influence of the number, spacing, size of the karst caves on the additional deformation of the pile foundation.
Calculation Scheme
Beaded karsts mostly contain two caves, and with a maximum of four caves. According to the advanced drilling and electromagnetic wave CT detection results, Figure 1 shows a conceptual model of the beaded karst. The axial symmetry model can be used in ANSYS to carry out numerical simulation of the pile foundation and karst caves, and the calculation model is shown in Figure 2 .
The PLANE 82 element and triangle mesh are used in the model, constitutive model is Drucker-Prager, contact elements are set between the pile foundation and formation, the friction material is set on the contact pair, and the friction coefficient is 0.3, the initial bite force is 9 kPa. The material parameters are shown in Table 1 . Combination conditions 1: The number of karst cave is respectively 1, 2, 3, the diameter is 3.6m, the spacing is 1.8m;
Combination condition 2: The number of karst cave is 3, the height is 3.6m, the width is respectively 2.4m, 3.6m, 4.8m, the spacing is 1.8m;
Combination condition 3: The number of karst cave is 3, the diameter is 3.6m, the spacing is respectively 0.6m, 1.2m, 1.8m.
Analysis of the Influence of Different Karst Cave Features on the Additional Deformation of Pile Foundation Stress
The additional settlement deformation of pile influenced by the number of the karst cave is shown in Figure 3 .
(a) One cave (b) Two caves (c) Three caves Fig. 3 The additional settlement of pile influenced by the cave quantity Under pile weight and the upper load, the pile top settlement is maximum and it is minimum at the bottom, and the foundation settlement is larger under three hole caves; After cave consolidation settlement, additional settlement of the pile near the cave and the pile top are similar, and the lower part of the pile is farther from the cave, the settlement is smaller, and the additional settlement is the largest under three hole caves. Table 2 shows the effect of different quantity of karst cave on settlement deformation of pile in each load stage. The settlement on pile top caused by the pile weight load accounts for about 25%, then it caused by the upper load accounts for about 68%~72%, and it caused by karst accounts for about 2.7%~5.7%. Therefore, the effect of upper load on the pile settlement deformation is the most significant, and the existence of karst has a certain influence on the increase of pile settlement. The greater the number of karst cave, the greater the influence on pile settlement.
The additional settlement deformation of pile influenced by the width of the karst cave is shown in Figure 4. (a) 2.4m (b) 3.6m (c) 4.8m Fig. 4 The additional settlement of pile influenced by the cave width After cave consolidation settlement, the larger the cave width, the bigger the additional settlement of pile, the maximum additional settlement of the pile is under the width of 4.8m. Table 3 shows the effect of different width of karst cave on settlement deformation of pile in each load stage. The settlement on pile top caused by the pile weight load accounts for about 25%, then it caused by the upper load accounts for about 70%, and it caused by karst accounts for about 4.2%~6.1%. The greater the width of karst cave, the greater the influence on pile settlement.
The additional settlement deformation of pile influenced by the spacing of the karst cave is shown in Figure 5. (a) 0.6m (b) 1.2m (c) 1.8m Fig. 5 The additional settlement of pile influenced by the cave spacing After cave consolidation settlement, the smaller the cave spacing, the bigger the additional settlement of pile, the maximum additional settlement of the pile is under the spacing of 0.6m. Table 4 shows the effect of different spacing of karst cave on settlement deformation of pile in each load stage. The settlement on pile top caused by the pile weight load accounts for about 25%, then it caused by the upper load accounts for about 69%~70%, and it caused by karst accounts for about 5.35%~5.96%. The smaller the spacing of karst cave, the greater the influence on pile settlement.
Comprehensive Analysis of the Influence of the Beaded Cave on the Pile Deformation
Beaded karst makes the pile negative friction, which increases the pile load, but also increases the pile settlement. The influences of cave number, size and spacing on the settlement value of pile are different. Figure 6 shows the variation law of the proportion of the pile foundation settlement controlled by the consolidation settlement of the karst cave under different karst conditions. Fig. 6 The proportion of pile settlement under the influence of karst cave (Karst condition 1,2,3 respectively represents the cave number 1,2,3; the cave width 2.4,3.6,4.8m; the cave spacing 1.8,1.2,0.6m) As can be seen, with the increase of the number of karst cave, the size of the cave and the decrease of the distance between the karst cave, the proportion of the pile foundation settlement caused by the impact of the karst cave is gradually increasing. The cave quantity has great influence on the pile settlement proportion, which increases from 2.7% of one cave to 5.7% of three caves, in the case of a 200% increase in the number of karst cave, the proportion of the settlement increases 111%.
The cave size has also great influence on the pile settlement proportion, under the same conditions of 3 caves, the cave width increases from 2.4m to 4.8m, the proportion increases from 4.2% to 6.1%, in the case of a 100% increase in the size of karst cave, the proportion of the settlement increases 45.2%.
The cave spacing has minimum influence on the pile settlement proportion, under the same conditions of 3 caves, the cave spacing reduces from 1.8m to 0.6m, the proportion increases from 5.35% to 5.96%, karst spacing decreases by 66.7%, the proportion of the settlement only increases 45.2%.
Under the influence of the consolidation settlement of the karst cave, Figure 7 shows the influence of different karst quantity, size and spacing on the proportion of the pile settlement. 
Conclusion
The influence of the number, spacing, size of the karst caves on the additional deformation of the pile foundation are respectively analyzed. The greater the number of karst cave, the greater the influence on pile settlement. The greater the width of karst cave, the greater the influence on pile settlement. The smaller the spacing of karst cave, the greater the influence on pile settlement. The cave quantity and size have great influence on the pile settlement proportion, and the cave spacing has minimum influence on the pile settlement proportion.
